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Introduction {#sec005}
============

Depression is of great public health concern \[[@pone.0234109.ref001]\], with serious consequences both for affected individuals and the wider society \[[@pone.0234109.ref002], [@pone.0234109.ref003]\]. Depressive symptoms increase between childhood and adolescence, especially among girls \[[@pone.0234109.ref004]--[@pone.0234109.ref006]\]. In adolescence, girls are about twice as likely to be depressed than boys, a gender difference that persists into adulthood both for depressive symptoms and diagnosable disorders \[[@pone.0234109.ref007], [@pone.0234109.ref008]\]. The etiology of depression is complex. In addition to a familial history of depression, exposure to psychological stress is one of the strongest risk factors for depression in adolescence \[[@pone.0234109.ref009], [@pone.0234109.ref010]\]. The risk is greater when adolescents are exposed to multiple stressful events \[[@pone.0234109.ref011]\]. Given the increase in depressive symptoms in adolescence and the negative consequences, it is important to identify factors that might protect against the development of depressive symptoms in the face of known risk factors.

Resilience refers to the process wherein an individual copes well and has a relatively good outcome, even when exposed to risk factors that may disrupt normal development \[[@pone.0234109.ref012]--[@pone.0234109.ref015]\]. Positive development is in itself not sufficient to establish that resilience is present \[[@pone.0234109.ref015], [@pone.0234109.ref016]\]; in addition, there must be current or past risk with a known potential to disrupt development \[[@pone.0234109.ref014]\]. Thus, positive adjustment refers to an outcome of resilience, while resilience in itself is the process of overcoming risk \[[@pone.0234109.ref016]\]. Further, the process of resilience is complex, and the importance of different protective factors may vary according to the specific risk involved and the outcome being studied \[[@pone.0234109.ref016]\]. Protective factors related to resilience stem from multiple domains, and may include factors within the person, the family and the broader social environment \[[@pone.0234109.ref013], [@pone.0234109.ref017]\].

Research into potential protective factors (henceforth called protective factors) for adolescents at risk for developing depression have included all these domains, and social support has received particular attention. Studies categorizing adolescents into groups based on outcomes and risk exposure have found that adolescents described as resilient (i.e. who show positive outcomes in the presence of risk) report more positive relationships with their family and more social support \[[@pone.0234109.ref018]--[@pone.0234109.ref021]\]. A recent meta-analysis concluded that social support from the family is protective against depression; however, the findings are less consistent regarding peer support \[[@pone.0234109.ref022]\]. Several important personal protective resources have also been identified, including a positive self-concept \[[@pone.0234109.ref019]\], higher self-esteem \[[@pone.0234109.ref023]\], optimism and perceived mastery \[[@pone.0234109.ref018]\], higher personal competence, a structured style \[[@pone.0234109.ref021]\], and use of active coping strategies \[[@pone.0234109.ref018], [@pone.0234109.ref023]--[@pone.0234109.ref025]\].

Protective factors related to resilience are diverse and often interrelated, and it is important to investigate the concurrent impact of multiple protective factors, as some might only be important when studied alone \[[@pone.0234109.ref026]\]. For instance, social support no longer discriminated between groups labeled as resilient and vulnerable when self-efficacy and coping strategies were accounted for \[[@pone.0234109.ref023]\]. Similarly, parental bonding had a moderating effect on the relationship between negative life events and depression only when examined alone, not when cognitive strategies, such as positive reappraisal, were also considered \[[@pone.0234109.ref025]\]. As many studies focus solely on protective factors from one domain, or investigate multiple protective factors independently of each other \[[@pone.0234109.ref021], [@pone.0234109.ref027]\], it is important to assess their individual contributions when jointly studied.

Another important consideration is the possibility of gender difference. Girls report moredepressive symptoms \[[@pone.0234109.ref004], [@pone.0234109.ref006], [@pone.0234109.ref008], [@pone.0234109.ref028]\] and also experiencing more negative life events than boys \[[@pone.0234109.ref029]\]. Regarding protective factors related to resilience, studies suggest that girls have higher scores on social competence \[[@pone.0234109.ref027], [@pone.0234109.ref030]--[@pone.0234109.ref032]\], while boys have higher scores on self-confidence \[[@pone.0234109.ref027], [@pone.0234109.ref030]--[@pone.0234109.ref032]\] and self-esteem \[[@pone.0234109.ref033]\]. It is therefore important to investigate whether the influence of protective factors on the association between negative life events and symptoms of depression is gender specific. Some evidence suggests gender differences; specifically, positive peer relationships bufferedthe effects of stress on depression for boys, whereas cohesive family relationships buffered the effects of stress for girls \[[@pone.0234109.ref034], [@pone.0234109.ref035]\]. Still, the majority of studies have not investigated these associations separately for boys and girls, although identifying possible gender differences could be important in order to develop gender-specific preventive interventions.

Two of the most influential theoretical models on resilience are the compensatory model and the protective model \[[@pone.0234109.ref012], [@pone.0234109.ref036], [@pone.0234109.ref037]\]. A compensatory model is evident when a factor has a direct influence on the outcome of interest (i.e., a main effect in the analysis), and does not interact with a risk factor in predicting the outcome \[[@pone.0234109.ref012], [@pone.0234109.ref036]\]. Thus, the protective factor applies for all in the same manner, both those exposed and not exposed to the risk. A protective model is evident when the protective factors are especially influential when risk is present. It is identified when the protective factor interacts with the risk factor to predict the outcome \[[@pone.0234109.ref012], [@pone.0234109.ref036]\] and does not influence the outcome to the same degree unless risk is present. Identifying such interactions require large samples, as the statistical power is influenced by the measurement error in both included variables \[[@pone.0234109.ref038]\]. A central limitation of previous research is the use of samples that might be too small to detect interactions \[[@pone.0234109.ref010], [@pone.0234109.ref021], [@pone.0234109.ref025]\].

Based on these considerations, the aim of the present study was to investigate the association between negative life events and symptoms of depression for adolescent boys and girls, and to examine the influence of protective factors associated with resilience. These include goal orientation, self-confidence, social competence, social support and family cohesion. In these analyses, a central aim was to assess whether the results supported a compensatory or protective model of resilience. Lastly, we aimed to investigate the relative contributions of personal, social and family related protective factors on adolescents' symptoms of depression.

Method {#sec006}
======

This study is based on the population-based <youth@hordaland-survey>, conducted in the County of Hordaland, Western Norway in the spring of 2012. All adolescents born from 1993 to 1995 and residing in the county at the time of the survey were invited to participate. The survey consisted of a web-based questionnaire covering information on a range of demographic background variables, lifestyle factors, mental health problems and resilience. Adolescents enrolled in upper secondary education received information about the study and the log on information needed to participate to their school e-mail address. Adolescents not enrolled in school received this information by postal mail to their home address. The schools allocated one school hour (approximately 45 minutes) for completion of the web-based questionnaire. School staff were present at the time of the data collection to ensure confidentiality, and survey staff were available on telephone to answer any questions from teachers or students regarding the survey. In addition, the adolescents could complete the questionnaire at their own convenience throughout the data collection period.

Ethics {#sec007}
------

The study was approved by the Regional Committee for Medical and Health Research Ethics (REC) in Western Norway (2011/811/REK vest). In accordance Norwegian regulations, adolescents aged 16 years and older can make decisions regarding their own health (including participation in health studies), and thus gave consent themselves to participate in the current study. The lack of consent from parents/guardians was approved by REC. The present study is a part of a larger project preregistered at Open Science Framework (<https://osf.io/kpqwe/>).

Sample {#sec008}
------

In total, 10 257 adolescents (ages 16 to 19 years) responded to the survey, yielding a participation rate of 53%. For the present study, adolescents with missing information on the variables assessing negative life events were removed from the sample (631 adolescents). To ensure the quality of the data, adolescents also were removed if they reported that they were older when the event happened than their actual age at the time of the survey (71 adolescents). Further, we investigated whether adolescents who had given obviously erroneous answers on other parts of the questionnaire answered these variables differently from the total sample. This resulted in removal of another 9 adolescents.

The final sample size for the present study was 9 546 (93% of the adolescents who responded to the survey). There was a higher proportion of girls in the present sample (53.9%) compared to the total sample (52.6%), while the mean age was 17.4 years in both samples.

Instruments {#sec009}
-----------

### Demographics {#sec010}

Age and gender of the participants were derived from the personal identification number from the Norwegian National Registry. The adolescents reported their mother's education with the response alternatives: 'primary school', 'secondary school', 'college or university: less than four years', 'college or university: four years or more', and 'don't know'. For the purpose of the present study, the two categories indicating college or university education were combined into 'college or university' regardless of the length of the education.

### Negative life events {#sec011}

Negative life events were measured by the question: 'Have you ever experienced any of the following events?' followed by the response alternatives: 'death of someone close to you', 'a catastrophe or serious accident', 'violence from a grownup', 'witnessed someone you care about being exposed to violence from a grown up' and 'unwanted sexual actions'. The response alternatives for each event were: 'no, never', 'yes, once', 'yes, some times' and 'yes, several times'. If the adolescent had experienced the death of someone close, they were asked who that person was with the response alternatives: 'parent/guardian', 'sibling', 'grandparent', 'other close person in the family', 'close friend' and 'girlfriend/boyfriend'. Multiple responses were possible.

A variable indicating the total number of negative life events experienced was calculated. For each negative event, a response of 'yes, once', yes, some times', or 'yes, several times' was used to indicate exposure to the negative life event in question. Regarding the death of someone close to you, death of a parent/guardian, sibling, close friend and girlfriend/boyfriend were included as separate negative events, giving a total of eight possible events. Due to the low number of adolescents who reported five or more negative life events, responses of four or more were collapsed into one category, giving the alternatives: 0, 1, 2, 3 and 4 or more.

### Depression {#sec012}

Symptoms of depression were assessed using the Short Moods and Feelings Questionnaire (SMFQ) \[[@pone.0234109.ref039]\]. The SMFQ consists of 13 items measuring cognitive and emotional symptoms associated with depression experienced by the adolescent during the past two weeks. The items are answered on a 3-point Likert scale with the response alternatives: 'not true', 'sometimes true' and 'true'. The SMFQ has shown good psychometric properties in population-based studies \[[@pone.0234109.ref040], [@pone.0234109.ref041]\], and has previously been validated in the sample from <youth@hordaland> \[[@pone.0234109.ref028]\].

### Resilience {#sec013}

Resilience was assessed using the Resilience Scale for Adolescents (READ) \[[@pone.0234109.ref031]\]. The READ consists of 28 positively formulated items rated on a 5-point Likert scale ranging from 'totally disagree' (score of 1) to 'totally agree' (score of 5). Higher scores on the READ indicate higher levels of the protective factors associated with resilience. The factor structure and psychometric properties of the READ has previously been tested in the sample from the <youth@hordaland> \[[@pone.0234109.ref030]\], suggesting that the items asses five factors: Goal Orientation, Self-Confidence, Social Competence, Social Support, and Family Cohesion. Four of the items in the original READ are not included in these factors (item 4, 9, 12 and 25). Goal Orientation assesses planfulness and organizational skills, while Self-Confidence assesses feeling competent and believing in one's abilities. Social Competence assesses the ease of making new friends and talking to people. Social Support measures having someone who cares, encourages and can help. Family Cohesion assesses support and shared values in the family (for an overview of items, see [S1 Table](#pone.0234109.s001){ref-type="supplementary-material"}). The READ factors will be referred to as protective factors in the following to ease readability, despite the cross-sectional nature of the data.

Statistical methods {#sec014}
-------------------

The SMFQ scores had a right skewed distribution deviating from normality (skewness 1.3, kurtosis 4.3). Nevertheless, as the independent samples t-test is robust to deviations from the assumption of a normal distribution in large samples \[[@pone.0234109.ref042]\], gender differences in symptoms of depression were investigated by independent samples t-test. Gender differences in age also were investigated by independent samples t-test, while gender differences in maternal education and number of negative life events were investigated by chi-square tests. The association between negative life events and symptoms of depression was investigated in a regression analysis where three models were specified. In Model 1, the number of negative life events was included as a predictor of depressive symptoms. In Model 2, age, gender and maternal education were included, and in Model 3 an interaction term between gender and number of negative life events was included. The results of the analysis including the interaction term was plotted for the different levels of negative life events, for boys and girls separately. Preliminary analyses showed no evidence of a curvilinear association between negative life events and depressive symptoms.

Analyses including the protective factors Goal Orientation, Self-Confidence, Social Competence, Social Support and Family Cohesion in addition to number of negative life events and gender as predictors of depression were specified with separate regression models for each protective factor. The scores on each of the protective factors were standardized into z-scores to ease the interpretation of the results and the comparison between them. In Model 2, two-way interaction terms between the number of negative life events and each of the protective factors and between gender and the protective factors were included. In Model 3, three-way interactions of the number of negative life events, gender, and each of the protective factors were included. Age and maternal education were not included as covariates as they did not contribute significantly to the model. The analyses were adjusted for multiple comparison by using the Benjamini and Hochberg false discovery rate control \[[@pone.0234109.ref043], [@pone.0234109.ref044]\], specifying 70 comparisons and a significance level of 0.05. The p-values of \< .001 and .012 remained significant (the p-value of .012 was compared to the adjusted cut-off at 0.04).

Finally, all five protective factors were included in the same regression analysis as predictors of symptoms of depression, in addition to number of negative life events. The analysis was stratified by gender. The analyses were adjusted for multiple comparison as described above, with 12 comparisons and a significance level of 0.05. The p-values of \< .001, .002 (adjusted cut-off: 0.03) and .016 (adjusted cut-off: 0.04) remained significant in the adjusted analyses. All regression models were validated using k-fold cross validation with 10 folds. The mean R^2^ from the 10 folds is reported.

Stata 15 SE was used for the analyses \[[@pone.0234109.ref045]\], the Stata module CROSSFOLD was used for the k-fold cross validation \[[@pone.0234109.ref046]\]. Figures visualizing the results of significant interactions identified in the regression analyses were prepared in R version 3.5.1.

Results {#sec015}
=======

Sample characteristics {#sec016}
----------------------

There was a greater proportion of girls reporting maternal college or university education (p \< .001, see [Table 1](#pone.0234109.t001){ref-type="table"}). More girls reported the occurrence of negative life events than did boys (44.0% compared to 32.0%, respectively) and girls were more likely to report an increasing number of negative life events (p \< .001). Regarding the specific events, there were no significant gender differences in death of a parent/guardian, sibling, close friend or girlfriend/boyfriend, while girls reported a significantly higher occurrence of the remaining negative life events (data not shown). Girls also reported a higher mean score of depressive symptoms compared to boys (7.4 compared to 4.1, respectively, p \< .001). Boys reported significantly higher mean scores on all the resilience factors except social support, where girls reported higher scores (p \< .001 for all resilience factors).

10.1371/journal.pone.0234109.t001

###### Demographic characteristics and background variables.

![](pone.0234109.t001){#pone.0234109.t001g}

                                    Girls   Boys                           
  --------------------------------- ------- ------ ------ ------ --------- -----
  Age (mean (SD))                   17.4    0.8    17.4   0.8    .042      0.4
  Maternal education                                             \< .001   0.7
   Primary school                   449     8.5    334    7.1              
   Secondary school                 1656    31.3   1471   31.3             
   College/university               2015    38.0   1661   35.4             
   Don't know                       1178    22.2   1260   26.2             
  Negative life events                                           \< .001   0.0
   0                                3005    56.0   3270   68.0             
   1                                1388    25.9   1059   22.0             
   2                                647     12.1   333    6.9              
   3                                229     4.3    111    2.3              
   4 or more                        100     1.9    35     0.7              
  Depressive symptoms (mean (SD))   7.4     6.1    4.1    4.9    \< .001   0.6
  Resilience factors (mean (SD))                                           
   Goal Orientation                 3.75    0.8    3.86   0.8    \< .001   1.1
   Self-Confidence                  3.49    0.9    3.89   0.9    \< .001   1.6
   Social Competence                3.84    0.8    3.92   0.9    \< .001   1.6
   Social Support                   4.41    0.7    4.29   0.8    \< .001   1.6
   Family Cohesion                  3.83    0.9    3.90   0.8    \< .001   1.9

SD: standard deviation. P-values are derived from chi-square tests and independent samples t-tests

The association between negative life events and depressive symptoms {#sec017}
--------------------------------------------------------------------

There was a positive association between number of negative life events and symptoms of depression, where an increase of one negative life event predicted a 1.86 point increase in adolescents' depression scores (p \< .001) (see [Table 2](#pone.0234109.t002){ref-type="table"}). The association remained significant when controlling for age, gender and maternal education (B = 1.64, p \< .001).

10.1371/journal.pone.0234109.t002

###### Regression of number of negative life events as a predictor of symptoms of depression.

![](pone.0234109.t002){#pone.0234109.t002g}

                      Model 1   Model 2   Model 3                                                                 
  ------------------- --------- --------- --------- --------- ------ ------ ------ --------- ------ ------ ------ ---------
  Number of NLE       1.86      .06       .29       \< .001   1.64   .06    .26    \< .001   1.41   .10    .22    \< .001
  Age                                                         -.03   .06    -.01   .596      -.03   .06    -.00   .602
  Gender                                                      2.90   .11    .25    \< .001   2.68   .13    .23    \< .001
  NLE x gender                                                                               .38    .13    -.05   .003
  Constant            4.73      .07                 \< .001   3.88   1.10          \< .001   3.99   1.10          \< .001
  Mean 10-fold R^2^   .09                                     .15                            .15                  

NLE: negative life events, SE: standard error

There was a small, but significant interaction between the number of negative life events and gender, indicating that an increasing number of negative life events predicted a larger increase in depressive symptoms for girls compared to boys (see [Fig 1](#pone.0234109.g001){ref-type="fig"}).

![The association between negative life events and symptoms of depression for boys and girls.\
SMFQ: short moods and feelings questionnaire. Error bars represent 95% confidence intervals.](pone.0234109.g001){#pone.0234109.g001}

The influence of protective factors {#sec018}
-----------------------------------

Goal Orientation, Self-Confidence, Social Competence, Social Support, and Family Cohesion were all negatively associated with depressive symptoms when studied independently (see [Table 3](#pone.0234109.t003){ref-type="table"}). Higher Self-Confidence was associated with the largest decrease in depressive symptoms, where an increase of one standard deviation (SD) in Self-Confidence was related to a decrease in depressive symptoms of -2.32 (p \< .001).

10.1371/journal.pone.0234109.t003

###### Regression of negative life events and protective factors (in separate analyses) as predictors of symptoms of depression.

![](pone.0234109.t003){#pone.0234109.t003g}

                                      Model 1   Model 2   Model 3                                                                 
  ----------------------------------- --------- --------- --------- --------- ------- ----- ------ --------- ------- ----- ------ ---------
  *Goal Orientation*                                                                                                              
   Number of NLE                      1.54      .06       .24       \< .001   1.51    .06   .24    \< .001   1.36    .10   .21    \< .001
   Goal Orientation                   -1.62     .05       -.28      \< .001   -1.11   .08   -.19   \< .001   -1.10   .09   -.19   \< .001
   Gender                             2.66      .11       .23       \< .001   2.67    .11   .23    \< .001   2.53    .13   .22    \< .001
   Goal Orientation x NLE                                                     -0.19   .06   -.04   .001      -0.22   .09   -.04   .012
   Goal Orientation x Gender                                                  -.73    .11   -.09   \< .001   -0.77   .13   -.10   \< .001
   Goal Orientation x NLE x Gender                                                                           0.07    .11   .01    .528
   Constant                           3.50      .08                 \< .001   3.47    .09          \< .001   3.55    .09          \< .001
   Mean 10-fold R^2^                  0.22                                    0.23                           0.23                 
  *Self-Confidence*                                                                                                               
   Number of NLE                      1.44      .06       .23       \< .001   1.37    .06   .22    \< .001   1.32    .09   .21    \< .001
   Self-Confidence                    -2.32     .05       -.40      \< .001   -1.65   .08   -.29   \< .001   -1.63   .09   -.28   \< .001
   Gender                             1.86      .10       .16       \< .001   1.91    .10   .16    \< .001   1.85    .12   .16    \< .001
   Self-Confidence x NLE                                                      -0.31   .05   -.06   \< .001   -0.36   .09   -.07   \< .001
   Self-Confidence x Gender                                                   -0.80   .10   -.10   \< .001   -0.85   .13   -.11   \< .001
   Self-Confidence x NLE x Gender                                                                            0.09    .11   .02    .408
   Constant                           4.00      .08                 \< .001   3.89    .08          \< .001   3.92    .09          \< .001
   Mean 10-fold R^2^                  0.30                                    0.30                           0.29                 
  *Social Competence*                                                                                                             
   Number of NLE                      1.69      .06       .27       \< .001   1.69    .06   .26    \< .001   1.47    .10   .23    \< .001
   Social Competence                  -1.75     .05       -.30      \< .001   -1.34   .08   -.23   \< .001   -1.31   .09   -.23   \< .001
   Gender                             2.70      .11       .23       \< .001   2.70    .11   .23    \< .001   2.49    .13   .21    \< .001
   Social Competence x NLE                                                    -0.04   .06   -.01   .483      -0.08   .09   -.02   .362
   Social Competence x Gender                                                 -0.75   .11   -.09   \< .001   -0.81   .13   -.10   \< .001
   Social Competence x NLE x Gender                                                                          0.08    .12   .01    .478
   Constant                           3.38      .08                 \< .001   3.37    .08          \< .001   3.48    .09          \< .001
   Mean 10-fold R^2^                  0.24                                    0.24                           0.24                 
  *Social Support*                                                                                                                
   Number of NLE                      1.49      .06       .23       \< .001   1.44    .06   .23    \< .001   1.36    .10   .21    \< .001
   Social Support                     -1.76     .05       -.30      \< .001   -1.14   .08   -.20   \< .001   -1.12   .09   -.19   \< .001
   Gender                             3.18      .11       .27       \< .001   3.19    .11   .27    \< .001   3.11    .13   .27    \< .001
   Social Support x NLE                                                       0.00    .05   .00    .934      -0.03   .08   -.01   .756
   Social Support x Gender                                                    -1.32   .11   -.16   \< .001   -1.35   .13   -.16   \< .001
   Social Support x NLE x Gender                                                                             0.05    .11   .01    .644
   Constant                           3.26      .08                 \< .001   3.34    .08          \< .001   3.38    .09          \< .001
   Adjusted R^2^                      0.24                                    0.25                           0.25                 
   Mean 10-fold R^2^                  0.24                                    0.25                           0.25                 
  *Family Cohesion*                                                                                                               
   Number of NLE                       1.24     .06       .29       \< .001   1.22    .06   .19    \< .001   1.16    .10   .28    \< .001
   Family Cohesion                    -1.96     .05       -.34      \< .001   -1.52   .08   -.26   \< .001   -1.44   .09   -.25   \< .001
   Gender                             2.77      .10       .24       \< .001   2.78    .10   .24    \< .001   2.75    .13   .24    \< .001
   Family Cohesion x NLE                                                      0.02    .05   .01    .636      -0.10   .09   -.02   .228
   Family Cohesion x Gender                                                   -0.83   .11   -.11   \< .001   -0.97   .13   -.12   \< .001
   Family Cohesion x NLE x Gender                                                                            0.20    .11   0.04   .060
   Constant                           3.62      .08                 \< .001   3.62    .08          \< .001   3.63    .09          \< .001
   Mean 10-fold R^2^                  0.25                                    0.26                           0.26                 

NLE: negative life events, SE: standard error. Analyses were conducted separately for the individual protective factors.

In Model 2, there were significant negative interactions between the number of negative life events and Goal Orientation ([Fig 2A](#pone.0234109.g002){ref-type="fig"}) and Self-Confidence ([Fig 2B](#pone.0234109.g002){ref-type="fig"}). The interactions indicated a smaller predicted increase in depressive symptoms for an increasing number of negative life events among adolescents with higher scores on these protective factors.

![The association between negative life events and symptoms of depression for adolescents with (A) Goal Orientation and (B) Self-Confidence scores ±2 standard deviations from the mean score. SMFQ: short moods and feelings questionnaire, SD: standard deviation. Error bars represent 95% confidence intervals.](pone.0234109.g002){#pone.0234109.g002}

Further, there were significant interactions between all the protective factors and gender, where being a girl was associated with a further decrease in depressive symptoms ([Fig 3](#pone.0234109.g003){ref-type="fig"}). For instance, a one SD increase in Social Support was associated with a decrease in depressive symptoms of -2.46 for girls and -1.14 for boys. The largest interaction effect was found for Social Support (β = -0.16, p\< 001), while the interaction effects for the remaining protective factors were of similar size (βs of about -0.10, all p's \< .001). The main effects of the protective factors were attenuated, but still significant, when the interaction terms were included.

![The association between symptoms of depression and (A) Goal Orientation and (B) Self-Confidence for girls and boys. SMFQ: short moods and feelings questionnaire, SD: standard deviation. Error bars represent 95% confidence intervals.](pone.0234109.g003){#pone.0234109.g003}

The potential gender differences in the associations between negative life events and protective factors were further investigated by including a three-way interaction. There were no significant interactions for any of the protective factors (see [Table 3](#pone.0234109.t003){ref-type="table"}).

The relative contribution of different protective factors {#sec019}
---------------------------------------------------------

Evaluating the protective factors simultaneously, three of the five factors remained as significant predictors of depressive symptoms for both genders. Specifically, Self-Confidence showed the largest negative association with depressive symptoms for both genders (β = -.29, p\< 001, see [Table 4](#pone.0234109.t004){ref-type="table"}). Family Cohesion was also significantly related to decreased depressive symptoms for both genders (β = -.11, p\< 001 for girls and β = 0.14, p\< 001 for boys). For girls, Social Support was the second most influential factor in decreasing depressive symptoms, while Family Cohesion was the second most influential factor for boys. While higher scores on Social Support were related to decreased depressive symptoms among girls (β = -.13, p \< .001), it was related to a small increase in depressive symptoms among boys (β = .11, p = .002). Goal-Orientation was no longer significantly associated with depressive symptoms for either gender, while Social Competence showed a small negative association for girls only (β = -.04, p \< .001). The overall model explained a greater proportion of the variance in depressive symptoms among girls than boys (adjusted R^2^ = 0.31 and 0.19, respectively).

10.1371/journal.pone.0234109.t004

###### Regression of negative life events and protective factors as predictors of symptoms of depression.

![](pone.0234109.t004){#pone.0234109.t004g}

                      Girls   Boys                                         
  ------------------- ------- ------ ------ --------- ------- ----- ------ ---------
  Number of NLE       1.35    .08    .22    \< .001   1.22    .09   .20    \< .001
  Goal Orientation    0.05    .10    .01    .588      0.08    .10   .02    .429
  Self-Confidence     -1.77   .11    -.29   \< .001   -1.49   .12   -.29   \< .001
  Social Competence   -0.24   .10    -.04   .016      -0.16   .11   -.03   .122
  Social Support      -0.84   .11    -.13   \< .001   0.32    .11   .07    .002
  Family Cohesion     -0.67   .11    -.11   \< .001   -0.71   .12   -.14   \< .001
  Constant            6.06    .09           \< .001   3.97    .09          \< .001
  Mean 10-fold R^2^   0.31                            0.19                 

NLE: negative life events, SE: standard error.

Discussion {#sec020}
==========

Depression is a public health concern, and there is a well-established increase in depressive symptoms in adolescence \[[@pone.0234109.ref004]--[@pone.0234109.ref006]\]. Thus, it is important to identify factors that might protect against the development of depressive symptoms in this age group as they can form the basis of preventive interventions and help reduce the prevalence and negative consequences of depression.

In this study, we found that experiencing a higher number of negative life events was related to increases in depressive symptoms among Norwegian adolescents. Although girls reported both more symptoms of depression and more negative life events, the association between negative life events and symptoms of depression was similar for boys and girls. Findings also suggested that the impact of negative life events was somewhat larger for girls experiencing a higher number of negative events. All the potential protective factors (i.e., goal orientation, self-confidence, social competence, social support, and family cohesion) individually were associated with fewer depressive symptoms. However, interactions between number of negative life events and goal orientation and self-confidence revealed that higher scores on these protective factors were associated with a greater reduction in depressive symptoms among adolescents reporting higher numbers of negative life events. Further, significant interactions between all the protective factors and gender indicated that they were associated with a greater reduction in depression for girls than boys. When considering the protective factors jointly, self-confidence emerged as the most influential on depressive symptoms for both genders. For boys, family cohesion was the only other factor with a significant negative association with depressive symptoms; in contrast, both social support and family cohesion were of similar importance for girls.

The association between negative life events and depressive symptoms is in line with previous research \[[@pone.0234109.ref009]--[@pone.0234109.ref011]\]. Similar to previous studies, we found that girls reported more symptoms of depression \[[@pone.0234109.ref005], [@pone.0234109.ref008]\] and a higher number of negative life events \[[@pone.0234109.ref029]\] compared to boys. Still, the association between negative life events and depressive symptoms was similar for boys and girls, and appeared to be mostly linear. This finding differs from a previous study where a threshold of increased risk for depression appeared at three negative life events, with little difference in depressive symptoms between adolescents reporting 0 to 2 negative life events and between adolescents reporting 3 or more negative events \[[@pone.0234109.ref011]\]. This difference across studies could be due to the different measures used; for example, the previous study investigated risk for a diagnosable disorder and all events occurred within a one-year period. The mostly linear relationship identified in the present study is consistent with a study of the impact of negative life events and family stress on mental health problems in younger children \[[@pone.0234109.ref047]\].

When studied separately, all the potentially protective factors were negatively associated with symptoms of depression. This finding is consistent with previous studies using the original READ factors \[[@pone.0234109.ref021], [@pone.0234109.ref027], [@pone.0234109.ref048], [@pone.0234109.ref049]\] and studies of similar personal factors \[[@pone.0234109.ref019], [@pone.0234109.ref023]\] and measures of family cohesion and social support \[[@pone.0234109.ref018]--[@pone.0234109.ref020]\].

The protective model of resilience (i.e., that protective factors are more influential in the face of risk) was supported for goal orientation and self-confidence, indicating that these factors were especially protective for adolescents who experienced a higher number of negative life events. The effects were small, which is a common finding in resilience research (i.e., the addition of an interaction term does not explain much variance), possibly because there is little variance left to be explained after accounting for main effects \[[@pone.0234109.ref037]\]. Still, as the sample size in the present study is large, we were able to detect the interaction effects with the personal protective factors. As the process of resilience varies according to the specific risks and outcomes being studied \[[@pone.0234109.ref016]\], it is possible that investigating measures of more chronic stress, instead of focusing solely on discrete negative events, might yield even stronger support for protective models of resilience \[[@pone.0234109.ref022]\]. It is also possible that including other negative life events, such as parental divorce or academic difficulties could yield different results. Further, longitudinal studies are needed to gain a more complete understanding of the influence of negative life events on depressive symptoms and the possible protective influence of resilience factors across adolescent development.

The present study mainly supports a compensatory model of resilience. Adolescents with greater goal orientation, self-confidence, social competence, social support and family cohesion reported lower symptoms of depression, regardless of their exposure to negative life events. Similar results have been found for the original READ factors \[[@pone.0234109.ref021]\], for a study of self-competence \[[@pone.0234109.ref010]\], and in a meta-analysis focusing on social support \[[@pone.0234109.ref022]\]. Together, the data suggest that interventions aimed at boosting these potential protective factors would be beneficial for all adolescents, not only for those facing adverse circumstances. Given the high prevalence of depressive symptoms in adolescence, the present findings suggest that preventive interventions delivered at the universal level could be beneficial. There is some evidence that universal interventions can be effective in preventing depressive symptoms \[[@pone.0234109.ref050]\].

Interestingly, the compensatory effect of the protective factors was especially strong for girls; all the protective factors were associated with lower levels of depressive symptoms among girls. In the context of depressive symptoms and depression, girls could be viewed as being an "at risk" population. Previous studies have found that preventive interventions often work better for adolescents at higher risk for depressive symptoms \[[@pone.0234109.ref050]\], and the present findings indicate that interventions aimed at boosting protective factors related to resilience could be especially effective among girls. It is important to emphasize, however, that this finding is specific to the investigation of depressive symptoms, as the importance of protective factors is expected to vary according to the outcome being studied \[[@pone.0234109.ref016]\]. Thus, one should not conclude that protective factors related to resilience are more important for girls than for boys in general.

Investigating the relative contributions of the protective factors revealed that self-confidence emerged clearly as the most influential factor for both boys and girls. Thus, self-confidence works both as a buffer and a main effect for all adolescents, indicating that interventions designed to increase self-confidence among adolescents could help them deal with adversity. This finding is in line with a study demonstrating the importance of personal protective factors in explaining youths' depressive symptoms \[[@pone.0234109.ref025]\]. It could be argued that the importance of self-confidence in explaining depressive symptoms could be because these two concepts are contrary to each other, that is, feeling competent and having a positive outlook despite hardship are quite opposite to depressive symptoms such as lack of energy, pessimism, and helplessness. Still, although self-confidence is negatively correlated with emotional problems, the correlation is moderate \[[@pone.0234109.ref030]\]. Further, previous research on the original READ factor of personal competence (which includes items measuring self-confidence) indicate that it can predict both depressive and social anxiety symptoms, and is not simply measuring the opposite of depression \[[@pone.0234109.ref021]\].

Our findings significantly extend prior research by demonstrating that family cohesion remained a significant protective factor for boys and girls, even when considering the influence of personal protective factors. This finding is consistent with literature showing that family influences remain strong throughout adolescence \[[@pone.0234109.ref022], [@pone.0234109.ref051]\] and that family support is equally important in explaining depressive symptoms for boys and girls \[[@pone.0234109.ref052]\]. It is further in line with the resilience literature, where a close relationship with parents, or other competent adults, is described as the most important protective factor for youth development \[[@pone.0234109.ref017], [@pone.0234109.ref053]\]. Together, the findings from the present study suggest that efforts to build self-confidence and also promote family cohesion might be good strategies for fostering resilience in adolescents--both for boys and girls. There is evidence that preventive interventions can lead to changes in family functioning with long-term benefits in preventing adolescent depression, and it is recommended that efforts to strengthen family functioning should be included in such interventions \[[@pone.0234109.ref050]\].

In contrast, social support was related to fewer depressive symptoms among girls and greater symptoms among boys. For girls, the results are in line with a previous study \[[@pone.0234109.ref034]\]. However, the finding for boys is more puzzling, and in contrast to a meta-analysis where no gender differences were detected for the importance of social support in explaining depression \[[@pone.0234109.ref022]\]. It is possible that the inclusion of personal protective factors in the present study mitigated the additional (typically favorable) impact of social support for boys. This interpretation is in line with a study where social support did not discriminate significantly between groups when self-efficacy and coping strategies were taken into account \[[@pone.0234109.ref023]\]. Similarly, the inclusion of a key family factor--family cohesion--in the present study, might have mitigated the impact of social support for boys. Family cohesion has consistently been shown to be of importance in preventing depression in adolescence, while the findings regarding social support from peers are varied \[[@pone.0234109.ref022]\]. This underlines the importance of including several resilience factors in the same analysis to gain further knowledge of their independent contributions. Future research is needed to evaluate the contributions of social support as a protective factor for boys' depressive symptoms.

Strengths and limitations {#sec021}
-------------------------

Strengths of the study include a population-based design with a large sample size and the inclusion of validated measures of symptoms of depression and protective factors associated with resilience. Further, the large sample size ensures sufficient power to investigate interactions. Another strength is the investigation of the relative contributions of potential protective factors in predicting symptoms of depression.

A limitation of the present study is the cross-sectional nature of the data. Although it is likely that the majority of negative life events took place before the self-reports of depression and protective factors (depression and protective factors were reported for the past two weeks and the past month, respectively), they were all reported at the same time. Thus, the temporal associations between these variables are uncertain. Still, the proposed direction is supported by previous studies detecting associations between negative life events and depression also when controlling for earlier levels of depressive symptoms \[[@pone.0234109.ref054], [@pone.0234109.ref055]\], while there was no significant association between depressive symptoms and future life events \[[@pone.0234109.ref055]\]. The directionality could depend on the specific stressors investigated. For example, it is possible that depressive symptoms are more important in predicting minor negative events, such as peer problems, but not major stressful events, such as the death of loved ones. With regards to the associations between protective factors and depression, there are longitudinal studies indicating that family support predicted later depression and depressive symptoms, not the opposite direction \[[@pone.0234109.ref035], [@pone.0234109.ref052]\]. Another study found that family cohesion, a positive self-concept and more positive relations with others measured in adolescence predicted depression in early adulthood \[[@pone.0234109.ref019]\]. Still, it is possible that some protective factors could be influenced by depression, as depressive symptoms have been found to predict less peer support in adolescence \[[@pone.0234109.ref035]\]. Due to the cross-sectional nature of the data, it is impossible to ascertain whether the READ factors did indeed serve as protective factors. They should therefore be viewed as potential protective factors based on the present findings.

A further limitation is the low participation rate of 53%, which could lead to sampling bias. It is possible that adolescents with mental health problems and/or adolescents who had experienced several negative life events were less likely to participate in the survey. Thus, the prevalence estimates for depressive symptoms and negative life events could be underestimated in the current study, though it has been suggested that measures of association are less affected by selective participation \[[@pone.0234109.ref056]\]. As the present study included adolescents from the general population, where only a small percentage had experienced several negative life events, it is a pertinent question whether the results would be different in a more vulnerable population. Further, only late adolescents were included in the study and the findings cannot be generalized to younger adolescents. It is further possible that positive life events may have a buffering effect on the association between negative life events and emotional distress \[[@pone.0234109.ref057]\], and it is possible that inclusion of positive life events could lead to more nuanced findings.

Conclusion {#sec022}
==========

The present study supports a compensatory model of resilience, where the potential protective factors goal orientation, self-confidence, social competence, social support and family cohesion were all related to a decrease in depressive symptoms, with similar effects for different levels of negative life events. Further, the results suggest self-confidence and family cohesion as especially important protective factors to target when aiming to reduce symptoms of depression in adolescence. Interestingly, all the protective factors were associated with larger decreases in depressive symptoms among girls than boys. Thus, while girls report more symptoms of depression, they might also be more likely to benefit from an increase in the protective factors investigated in the present study.

Supporting information {#sec023}
======================

###### The resilience scale for adolescents (READ).

Abbreviated wording of items adapted from Von Soest et al., 2010.

(DOCX)

###### 

Click here for additional data file.
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5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors investigated the association between negative life events and depressive symptoms among adolescents, and examined the influence and relative contributions of personal, social and family related protective factors. They found that experiencing a higher number of negative life events was related to increases in depressive symptoms, while the protective factors goal orientation, self-confidence, social competence, social support, and family cohesion individually were associated with fewer symptoms. When considering the protective factors jointly, only self-confidence emerged as the most influential predictor of depressive symptoms for both genders. These findings will be of interest to clinicians, as well as researchers in the field.

I have the following concerns.

\#1. Introduction, P5, line 94. "Another important consideration is the possibility of gender difference."

I think it would be useful if the authors gave more information about the gender difference in the protective factors related to resilience. Are there well-known gender differences in the protective factors related to resilience?

\#2. Methods. P10, line 210. "Gender differences in age and symptoms of depression were investigated by independent samples t-test,"

Theoretically, a t-test is applied when the variables would follow a normal distribution. However, according to your previous study, the distributions of depressive symptom scores (SMFQ) are right-skewed and may follow an exponential distribution, except for the lower end of the distributions (Lundervold AJ,et al. 2013 Front. Psychol. 4:613). Additionally, recent research reports that total scores on these depressive symptom scales follow an exponential distribution, except for the lower end of the distribution (Distributional patterns of item responses and total scores on the PHQ-9 in the general population: data from the National Health and Nutrition Examination Survey- BMC psychiatry, 2018).

Even if variables exhibit a non-normal distribution, researchers often use statistical methods that assume a normal distribution. Thus, I think that there is no need to use other statistical methods, such as non-parametric statistics. But I think it would be useful if the authors gave some information on the right-skewed pattern of the SMFQ scores and the robustness of t-test.

\#4. Results Table 1

Table1 shows the gender difference both in depressive symptoms and in the number of negative events. I think it would be useful if the authors gave some values about the gender difference in the protective factors related to resilience.

\#3. Discussion, P24, line 409. "It could be argued that the importance of self-confidence in explaining depressive symptoms could be due to the similarities between these two concepts."

"the similarities between these two concepts" just doesn\'t feel right to me. I think it is rather "opposite concepts" than "similar concepts".

In conclusion, I enjoyed reading this paper. This is a valuable paper that presents the relationship between negative life events, protective factors and depressive symptoms among adolescents. In addition, there are significant interactions between the protective factors and gender Interestingly, while girls report more symptoms of depression, they might also be more likely to benefit from an increase in the protective factors.

Finally, I am grateful that the authors and editor have given me this kind of opportunity. I think these findings help prevent development of depressive symptoms in adolescence.

Reviewer \#2: This study examined data from a cross-sectional survey of adolescents with respect to depressive symptoms, negative life events and factors associated with resilience. The authors report a significant association between greater number of negative life events and increased depressive symptoms as well as 'protective' effects of factors implicated in resilience, with a significant interaction with gender. Additionally, the authors report on findings from regression modeling. A major strength of the study is the relatively large sample size, and major weaknesses include (1) the cross-sectional nature of the survey data acquired, (2) lack of test/train or cross-validation approach to the regression models, and (3) unclear whether correction for multiple regression models/tests was conducted which limit the claims that can be made with respect to study findings. Nonetheless, this is an understudied and important area of research that can help define and develop strategies to augment resilience and prevent depression during a vulnerable developmental period. Nevertheless the results should be interpreted more cautiously.

The following are points for clarification and/or additional information:

Abstract and Introduction

The authors state that a primary aim is to identify "protective factors" for adolescent depression. Given that the data is cross sectional, the word protective may be misleading, and changing to factors implicated in resilience seems more appropriate.

Similarly, the authors note a focus on defining significant "predictors" of depressive symptoms in youth but given the cross-sectional data. Make sentence in abstract clearer --- (lines 39-41) --- direction of association between self-confidence and family cohesion and depressive symptoms

Methods

Other than age gender and maternal education, were other demographics collected? If so, please include in the demographics section.

More clarity on risk factors such as parental diagnosis (e.g. having a depressed parent) would be informative in testing the proposed associations and models, in addition to the experience of negative life events.

It does not appear that the authors corrected for multiple comparisons and models and ran multiple correlations and predictive models. The authors should correct for the analyses conducted.

Regression models should be tested using a test/training split sample or k-fold cross validation rather than tested in the whole sample as a method of validation.

Results

The authors should report on specific life events that significantly differed by gender and accounted for the p\<0.001 difference--- e.g. was this a significant difference in death of a loved one or sexual abuse which affect interpretation of study findings.

In the regression tables, the authors list 'predictor' variables, while the may be technically correct a less confusing terminology would be 'independent variables' given that this data was acquired cross sectionally.

Discussion

Please add references for "increase in depressive symptoms in adolescence" (lines 330-331).

In the introduction and in the discussion the authors should tone down the claims with respect to 'protective factors' given the cross-sectional nature of the associations found between factors implicated in resilience and depressive symptoms.

Please clarify what is meant by "study where a sharp increase in depression appeared at three negative life events" (line 357).

Paragraph beginning on line 353: please update and provide amore comprehensive review of the literature on the relationship between negative life events (e.g. abuse, death of parent) and depression; currently, only one study from 1999 is referenced.

It would be informative to broaden the scope of the discussion in paragraph 5 beginning on line 376 to not only discuss chronic stress but other specific negative life events not examined in the present study as well as the longitudinal assessment of risk and influence of negative life events across adolescent development.

The authors should consider changing "protective" factors to potential protective factors or resilience factors given that these measures were collected cross-sectionally at the same time as when depressive symptoms were assessed.

Additional limitations should be noted including (1) the possibility of a sampling bias, (2) adolescents surveyed in the analysis were late in adolescence, and the study did not examine younger adolescents where there may be different relations between resilience and risk factors and depressive symptoms, (3) the influence of positive life events was not assessed and could have a moderating effect on depression or resilience (e.g. Fischer et al JAMA Psychiatry 2018).

Conclusion - please remove the word "predicted" from lines 478 and 482, prediction is not possible with this cross-sectional data set.

Minor Points

Unclear meaning of the sentence beginning on line 66 "positive development is in itself not sufficient to establish that resilience is present." Please explain and provide references.

In might be helpful to provide further detail on gender differences in the experience of negative life events (lines 95-96).

Please insert stats for Family Cohesion (beta, p) in lines 313-314 to be consistent with remainder of results reported.
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6 May 2020

Dear editor,

Thank you for the opportunity to revise and resubmit the manuscript 'Life events and adolescent depressive symptoms: Protective factors associated with resilience'. We appreciate the reviewers' thorough and valuable comments. We have revised the manuscript following their suggestions and below you will find our responses to the comments from the reviewers.

We look forward to hearing from you in due course.

Reviewers' comments:

Reviewer \#1: The authors investigated the association between negative life events and depressive symptoms among adolescents, and examined the influence and relative contributions of personal, social and family related protective factors. They found that experiencing a higher number of negative life events was related to increases in depressive symptoms, while the protective factors goal orientation, self-confidence, social competence, social support, and family cohesion individually were associated with fewer symptoms. When considering the protective factors jointly, only self-confidence emerged as the most influential predictor of depressive symptoms for both genders. These findings will be of interest to clinicians, as well as researchers in the field.

I have the following concerns.

\#1. Introduction, P5, line 94. "Another important consideration is the possibility of gender difference."

I think it would be useful if the authors gave more information about the gender difference in the protective factors related to resilience. Are there well-known gender differences in the protective factors related to resilience?

Response:

Thank you for pointing this out. Some gender differences have been identified, and have been included in the introduction:

'Regarding protective factors related to resilience, studies suggest that girls have higher scores on social competence (27, 30-32), while boys have higher scores on self-confidence (27, 30-32) and self-esteem (33). It is therefore important to investigate whether such gender differences also exist in the influence of potential protective factors on the association between negative life events and symptoms of depression.'

\#2. Methods. P10, line 210. "Gender differences in age and symptoms of depression were investigated by independent samples t-test,"

Theoretically, a t-test is applied when the variables would follow a normal distribution. However, according to your previous study, the distributions of depressive symptom scores (SMFQ) are right-skewed and may follow an exponential distribution, except for the lower end of the distributions (Lundervold AJ,et al. 2013 Front. Psychol. 4:613). Additionally, recent research reports that total scores on these depressive symptom scales follow an exponential distribution, except for the lower end of the distribution (Distributional patterns of item responses and total scores on the PHQ-9 in the general population: data from the National Health and Nutrition Examination Survey- BMC psychiatry, 2018).

Even if variables exhibit a non-normal distribution, researchers often use statistical methods that assume a normal distribution. Thus, I think that there is no need to use other statistical methods, such as non-parametric statistics. But I think it would be useful if the authors gave some information on the right-skewed pattern of the SMFQ scores and the robustness of t-test.

Response:

Thank you for pointing this out. We agree with these considerations, and have added the following to the statistical methods:

'The SMFQ scores had a right skewed distribution deviating from normality (skewness 1.3, kurtosis 4.3). As the independent samples t-test is robust to deviations from the assumption of a normal distribution in large samples (42), gender differences in symptoms of depression were nevertheless investigated by independent samples t-test.'

\#4. Results Table 1

Table1 shows the gender difference both in depressive symptoms and in the number of negative events. I think it would be useful if the authors gave some values about the gender difference in the protective factors related to resilience.

Response: Thank you for the suggestion, we have now added the gender difference on the protective factors in table 1.

\#3. Discussion, P24, line 409. "It could be argued that the importance of self-confidence in explaining depressive symptoms could be due to the similarities between these two concepts."

"the similarities between these two concepts" just doesn\'t feel right to me. I think it is rather "opposite concepts" than "similar concepts".

Response:

We agree, the sentence now reads:

'It could be argued that the importance of self-confidence in explaining depressive symptoms could be because these two concepts are contrary to each other, where feeling competent and having a positive outlook despite hardship is quite opposite to depressive symptoms such as lack of energy, pessimism, and helplessness.'

In conclusion, I enjoyed reading this paper. This is a valuable paper that presents the relationship between negative life events, protective factors and depressive symptoms among adolescents. In addition, there are significant interactions between the protective factors and gender Interestingly, while girls report more symptoms of depression, they might also be more likely to benefit from an increase in the protective factors.

Finally, I am grateful that the authors and editor have given me this kind of opportunity. I think these findings help prevent development of depressive symptoms in adolescence.

Reviewer \#2: This study examined data from a cross-sectional survey of adolescents with respect to depressive symptoms, negative life events and factors associated with resilience. The authors report a significant association between greater number of negative life events and increased depressive symptoms as well as 'protective' effects of factors implicated in resilience, with a significant interaction with gender. Additionally, the authors report on findings from regression modeling. A major strength of the study is the relatively large sample size, and major weaknesses include (1) the cross-sectional nature of the survey data acquired, (2) lack of test/train or cross-validation approach to the regression models, and (3) unclear whether correction for multiple regression models/tests was conducted which limit the claims that can be made with respect to study findings. Nonetheless, this is an understudied and important area of research that can help define and develop strategies to augment resilience and prevent depression during a vulnerable developmental period. Nevertheless the results should be interpreted more cautiously.

The following are points for clarification and/or additional information:

Abstract and Introduction

The authors state that a primary aim is to identify "protective factors" for adolescent depression. Given that the data is cross sectional, the word protective may be misleading, and changing to factors implicated in resilience seems more appropriate.

Response: Thank you for pointing this out, the aim now reads:

'This study aimed to investigate the association between negative life events and depressive symptoms among adolescents, and to examine the influence and relative contributions of personal, social and family factors related to resilience.'

Similarly, the authors note a focus on defining significant "predictors" of depressive symptoms in youth but given the cross-sectional data. Make sentence in abstract clearer --- (lines 39-41) --- direction of association between self-confidence and family cohesion and depressive symptoms

Response: We have included the direction of the association, and the sentence now reads:

'When considering the factors implicated in resilience jointly, only self-confidence and family cohesion were significantly associated with fewer depressive symptoms for both genders, with the addition of social support for girls.'

Methods

Other than age gender and maternal education, were other demographics collected? If so, please include in the demographics section.

Response: The youth\@hordaland-survey is comprehensive, and the questionnaire also included other demographics, such as ethnicity, living situation and paternal education. We included age, gender and maternal education in the demographics sections as these are the demographic variables included in the dataset we applied for and received to conduct the analyses for the present study.

More clarity on risk factors such as parental diagnosis (e.g. having a depressed parent) would be informative in testing the proposed associations and models, in addition to the experience of negative life events.

Response: We agree that this would be informative, unfortunately, information on parental diagnosis was not included in the youth\@hordaland-survey.

It does not appear that the authors corrected for multiple comparisons and models and ran multiple correlations and predictive models. The authors should correct for the analyses conducted.

Response: Thank you for pointing this out, we have corrected for multiple comparisons using the Benjamini and Hochberg false discovery rate control. The following is included in the methods section:

'The analyses were adjusted for multiple comparison by using the Benjamini and Hochberg false discovery rate control (43, 44), specifying 70 comparisons and a significance level of 0.05. The p-values of \<.001 and .012 remained significant (the p-value of .012 was compared to the adjusted cut-off at 0.04).'

'The analyses were adjusted for multiple comparison as described above, with 12 comparisons and a significance level of 0.05. The p-values of \<.001, .002 (adjusted cut-off: 0.03) and .016 (adjusted cut-off: 0.04) remained significant in the adjusted analyses.'

Regression models should be tested using a test/training split sample or k-fold cross validation rather than tested in the whole sample as a method of validation.

Response: Thank you for the suggestion, we have conducted k-fold cross validation with 10 folds for the regression analyses. The mean R2 from the 10 folds are reported in table 2, 3 and 4, and the following is included in the methods section:

'All regression models were validated using k-fold cross validation with 10 folds. The mean R2 from the 10 folds is reported.'

Results

The authors should report on specific life events that significantly differed by gender and accounted for the p\<0.001 difference--- e.g. was this a significant difference in death of a loved one or sexual abuse which affect interpretation of study findings.

Response: Thank you for the suggestion. We investigated gender differences in the specific negative life events, and included the following sentence in the results:

'Regarding the specific events, there were no significant gender differences in death of a parent/guardian, sibling, close friend or girlfriend/boyfriend, while girls reported a significantly higher occurrence of the remaining negative life events (data not shown).'

In the regression tables, the authors list 'predictor' variables, while the may be technically correct a less confusing terminology would be 'independent variables' given that this data was acquired cross sectionally.

Response: Thank you for pointing this out, the suggested changes have been made to the regression tables.

Discussion

Please add references for "increase in depressive symptoms in adolescence" (lines 330-331).

Response: References have now been included:

'4. Hyde JS, Mezulis AH, Abramson LY. The ABCs of depression: integrating affective, biological, and cognitive models to explain the emergence of the gender difference in depression. Psychologial Review. 2008;115(2):291-313.

5\. Green H, McGinnity A, Meltzer H, Ford T, Goodman R. Mental health of children and young people in Great Britan, 2004. Basingstroke, UK: Palgrave Macmillan; 2005.

6\. Salk RH, Petersen JL, Abramson LY, Hyde JS. The contemporary face of gender differences and similarities in depression throughout adolescence: Development and chronicity. Journal of affective disorders. 2016;205:28-35.'

In the introduction and in the discussion the authors should tone down the claims with respect to 'protective factors' given the cross-sectional nature of the associations found between factors implicated in resilience and depressive symptoms.

Response: Thank you for pointing this out. In a later comment, the reviewer suggests calling these factors potential protective factors or resilience factors.

Resilience research and theory describe resilience as a process, not a trait, and in our opinion, it is more accurate to use the term protective factor rather than resilience factor. We have therefore chosen not to use the term resilience factor, due to the cross-sectional nature of the data. We agree that the suggested 'potential protective factor' acknowledges the limitations of cross-sectional data, however, we found that including this term throughout the manuscript instead of protective factors interferes with readability. We therefore suggest the following changes that have been applied to the manuscript:

Include the suggested change of potential protective factors in the abstract, but not in the second mention of protective factors in the same sentence.

Include a clarification in the introduction:

'Research into potential protective factors (henceforth called protective factors) for adolescents at risk for developing depression have included all these domains, and social support has received particular attention.'

Include the limitations of cross-sectional data in the instruments section:

'Though the READ factors are more accurately described as potential protective factors due to the cross-sectional design of the study, they will be referred to as protective factors in the following to ease readability.'

Include this consideration also in the limitations section:

'Due to the cross-sectional nature of the data, it is impossible to ascertain whether the READ factors did indeed serve as protective factors. They should therefore be viewed as potential protective factors based on the present findings.'

In addition, we have referred to the READ factors as potential protective factors in the first mention in the discussion section and in the conclusion:

'All the potential protective factors (i.e., goal orientation, self-confidence, social competence, social support, and family cohesion) individually were associated with fewer depressive symptoms.'

'The present study supports a compensatory model of resilience, where the potential protective factors goal orientation, self-confidence, social competence, social support and family cohesion were all related to a decrease in depressive symptoms, with similar effects for different levels of negative life events.'

We hope that including these changes to the manuscript will help to tone down the claims, as suggested by the reviewer.

Please clarify what is meant by "study where a sharp increase in depression appeared at three negative life events" (line 357).

Response: We have rewritten the sentence, and it now reads:

'This finding differs from a previous study where a threshold of increased risk for depression appeared at three negative life events, with little difference in depressive symptoms between adolescents reporting 0 to 2 negative life events and between adolescents reporting 3 or more negative events (11).'

Paragraph beginning on line 353: please update and provide amore comprehensive review of the literature on the relationship between negative life events (e.g. abuse, death of parent) and depression; currently, only one study from 1999 is referenced.

Response: Thank you for pointing this out, we have included references on the relationship between negative life events and depression in general in addition to the references regarding gender differences.

'The association between negative life events and depressive symptoms is in line with previous research (9-11). Similar to previous studies, we found that girls reported more symptoms of depression (5, 8) and a higher number of negative life events (29) compared to boys.'

It would be informative to broaden the scope of the discussion in paragraph 5 beginning on line 376 to not only discuss chronic stress but other specific negative life events not examined in the present study as well as the longitudinal assessment of risk and influence of negative life events across adolescent development.

Response: Thank you for the suggestions, we have included the following at the end of paragraph 5 in the discussion:

'It is also possible that including other negative life events, such as parental divorce or academic difficulties could yield different results. Further, longitudinal studies are needed to gain a more complete understanding of the influence of negative life events on depressive symptoms and the possible protective influence of resilience factors across adolescent development.'

The authors should consider changing "protective" factors to potential protective factors or resilience factors given that these measures were collected cross-sectionally at the same time as when depressive symptoms were assessed.

Response: Please see response above to similar comment.

Additional limitations should be noted including (1) the possibility of a sampling bias, (2) adolescents surveyed in the analysis were late in adolescence, and the study did not examine younger adolescents where there may be different relations between resilience and risk factors and depressive symptoms, (3) the influence of positive life events was not assessed and could have a moderating effect on depression or resilience (e.g. Fischer et al JAMA Psychiatry 2018).

Response: Thank you for the suggestions, we have included the following limitations:

'A further limitation is the low participation rate of 53%, which could lead to sampling bias. It is possible that adolescents with mental health problems and/or adolescents who had experienced several negative life events were less likely to participate in the survey. Thus, the prevalence estimates for depressive symptoms and negative life events could be underestimated in the current study, though it has been suggested that measures of association are less affected by selective participation (56). As the present study included adolescents from the general population, where only a small percentage had experienced several negative life events, it is a pertinent question whether the results would be different in a more vulnerable population. Further, only late adolescents were included in the study and the findings cannot be generalized to younger adolescents. It is further possible that positive life events may have a buffering effect on the association between negative life events and emotional distress (57), and it is possible that inclusion of positive life events could lead to more nuanced findings.

Conclusion - please remove the word "predicted" from lines 478 and 482, prediction is not possible with this cross-sectional data set.

Response: We have made the suggested alternations to the conclusion.

Minor Points

Unclear meaning of the sentence beginning on line 66 "positive development is in itself not sufficient to establish that resilience is present." Please explain and provide references.

Response: We have included additional references and attempted to clarify the distinction between positive development and resilience as follows:

'Positive development is in itself not sufficient to establish that resilience is present (15, 16); in addition, there must be current or past risk with a known potential to disrupt development (14). Thus, positive adjustment refers to an outcome of resilience, while resilience in itself is the process of overcoming risk (16).'

In might be helpful to provide further detail on gender differences in the experience of negative life events (lines 95-96).

Response: We have now rewritten the sentence and clarified that girls report a higher number of negative life events compared to boys:

'There are well-known gender differences in depressive symptoms (4, 6, 8, 28), and in the experience of negative life events (29), where girls report higher scores on both.'

Please insert stats for Family Cohesion (beta, p) in lines 313-314 to be consistent with remainder of results reported.

Response: Thank you for pointing this out, we have included the stats for Family Cohesion.
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